METHODS 

Bacterial Challenge. Two bacterial pathogens were used in these experiments; 
Pseudomonas aeruginosa 12.4.4. and Klebsiella pneumoniae K2. P. aeruginosa 12.4.4. 
(originally provided by A. McManus; United States Army Institute of Surgical Research, 
San Antonio, TX) is a serum-resistant, human blood stream isolate of P. aeruginosa. The 
organism belongs to Fisher-Devlin-Gnabasik immunotype 6. The organism was stored in 
10% glycerin at -70°C until ready for use. The day prior to the oral challenge, the isolate 
was incubated overnight in trypticase soy broth (TSB:Becton Dickinson, Cockeysville, 
MD) at 37°C . The following day bacteria were suspended in normal saline and adjusted 
spectrophotometrically to an inoculum size of 10 6 CFU/ml. This dose exceeds the LD 9 o 
for this experimental model in previous studies (6-8). 

Klebsiella pneumoniae K2 (strain B5055) is a serum-resistant, rodent-virulent, 
encapsulated strain of K pneumoniae (originally obtained from Drs. Frits and Ida 
Orskov, Staatsserum-Institut, Copenhagen Denmark). The organism was stored and 
prepared as described above with exception that the challenge dose was 10 7 CFU/ml 
since preliminary studies demonstrated that a higher inoculum was necessary to achieve a 
dose that exceeds the LD 9 o in this animal model. 

Vaccine. The vaccine used in these experiments is a non-covalent vaccine 
consisting of detoxified Escherichia coli 55 lipopolysaccharide and Neisseria 
meningitidis group B outer membrane protein (7). When this de-O-acylated J5 
lipopolysaccharide is complexed with the OMP from group B, N. meningitidis, it remains 
highly immunogenic and is a well-tolerated in experimental animals (7). The vaccine 



was stored at 4°C until ready for use. The vaccine was administered at a dose of 20 fig 
subcutaneously at intervals of 0 and 4 weeks (two dose schedule) or 0, 2 and 4 weeks (3 
dose schedule). The temperature was checked by infra-red thermometry (Horiba) 24 hr 
prior, 1, 2, 24 and 48 hr after each immunization. The weights were checked weekly. 

Animal Model. The basic design of the neutropenic rat model has been described 
in detail previously (6-8). Briefly, the female, non-pregnant, specific pathogen-free, 
albino, Sprague-Dawley rats weighing between 125 and 150 gm (Charles River Breeding 
Labs, Wilmington, MA) were maintained in filtered, biological safety cages and allowed 
to eat and drink ad libitum. After a seven day control period, the animals underwent 
baseline blood sampling and then were immunized the J5 dLPS/OMP complex without 
the addition of an adjuvant. Two weeks after the last dose of the vaccine, repeat blood 
sampling was performed to determine vaccine responsiveness. Four weeks after the last 
dose of vaccine, animals were then rendered neutropenic with cyclophosphamide 
(Blristol-Meyers, Evansville, IN) at a dose of 100 mg/kg (time 0) IP followed by a second 
dose of 50 mg/kg IP 72 hours later to induce neutropenia. 

Cefamandole (100 mg/kg) (Eli Lilly, Indianapolis, IN) was given IM beginning 
96 hours before the first dose of cyclophosphamide to facilitate colonization of the 
alimentary tract with the challenge strain of P. aeruginosa. Ampicillin (Sigma, St. Louis, 
MO) was given at a dose of 25 mg/kg IM and orally on an every other day basis to 
disrupt colonization resistance against Klebsiella pneumoniae. 

The activity of the vaccine was also tested in the presence of active antimicrobial 
therapy against the challenge strain of P. aeruginosa. At the onset of fever ceftazidime 
(50 mg/kg) (Glaxo Wellcome, Research Triangle Park, NC) was given IV in one 



experimental group with (n=18) and without (n=10) the active vaccine. The treatment 
was given intravenously at a low dose (to promote antibiotic-induced endotoxin release 
[9] ) every 12 hours for 48 hours after the onset of fever in these septic animals. 

The bacterial challenge was given orally via orogastric tube prepared from 
polyethylene tubing (Intramedic PE, 160: Clay Adams Division, Becton Dickenson, 
Parsippany, NJ). The bacterial challenge was given on day 0 (the first dose of 
cyclophosphamide) and again on days 2 and 4. Phosphate buffered saline (PBS) was 
given as a control for the intravenous injections and for the vaccine placebo groups. A 
bacterial suspension was prepared to deliver 1 ml of 10 6 CFU P. aeruginosa 12.4.4 or 
10 7 CFU K pneumoniae K2 for each experimental group. 

All manipulations were done under light C0 2 anesthesia to minimize any stress or 
trauma to the animals. Before onset of neutropenia, a patch of fur approximately 4x4 cm 
was shaved off the lateral thoracic region of the animal to allow for accurate and repeated 
body temperature recordings. A Horiba non-contact digital infrared thermometer 
(Markson Science - Phoenix, AZ) was used to monitor the animal's body temperature 
several times daily. Fever generally occurred in infected animals 4-5 days after the initial 
dose of cyclophosphamide; fever was defined as a body temperature measurement 
>38.0°C. The experiments were approved by the Brown University Animal Care 
Committee and were in accord with national guidelines for laboratory animal facilities 
and care. 

Blood determinations and necropsy studies. Blood samples were obtained from 
the retro-orbital plexus of each animal under C0 2 anesthesia prior to immunization; two 
weeks after the four week immunization schedules; two days prior to the first dose of 



cyclophosphamide; at the onset of fever; and 24 hours after the onset of fever. Each 
blood sample was tested for quantitative bacterial counts, serum endotoxin levels, and 
anti-J5 antibody levels. Quantitative bacteriology was performed using standard 
methods with serial dilutions of whole blood performed in TSB. The limit of detection 
was 10 CFU/ml of blood. Blood and tissue specimens from animals challenged with P. 
aeruginosa 12 A A were plated on Pseudomonas Isolation agar (Difco, Detroit, MI). 
Non-lactose-fermenting, oxidase-positive colonies were identified and immunotyped 
with polyvalent P. aeruginosa antisera (Difco, Detroit MI). In H pneumoniae K2 
challenge experiments, cultures were plated on Simmon's Citrate media (Becton 
Dickenson, Cockeysville, MD) and then characterized using standard microbiologic 
methods. The bacterial colony counts from the liver and spleen were measured separately 
for each animal but since the colony counts from the two sites were so similar, the results 
were combined and reported compositely as CFU/gm tissue. 

Endotoxin levels were measured in serum samples which were heat-treated to 
70°C after a 1 : 1 0 dilution in endotoxin-free water. Endotoxin measurements were 
determined by turbidimetric quantitative limulus amebocyte lysate assay (Associates of 
Cape Cod, Woods Hole, MA). Anti-J5 antibody titers were measured using an ELISA 
method previously described (6,7). 

Each animal was examined daily throughout the experiment until 14 days after 
cyclophosphamide treatment. Previous experiments (6-8) have shown that the period of 
neutropenia (<50 granulocytes/mm 3 ) induced by this dose regimen of cyclophosphamide 
begins three days after the first dose of cyclophosphamide and extended until days 10-12. 
Animals that remain alive for >14 days after the cyclophosphamide treatment were 



considered long-term survivors. All animals that succumbed during the course of the 
experiment were subjected to necropsy examination with quantitative cultures obtained 
from the cecum, liver, spleen, and lung tissue. Animals that survived the experiment 
were sacrificed and a necropsy examination with quantitative cultures of the same organ 
samples are obtained. 

EndoCab assay. This assay for antibody to core glycolipids was performed as 
previously described (10,11). Briefly, 96 well microtiter plates were coated with a 
mixture of one rough LPS (incomplete outer core of chemotypes Rc or Rb) from E. coli, 
Salmonella, Klebsiella and Pseuddmonas aeruginosa. Serum samples were added to the 
wells and anti-core glycolipid antibodies bound were detected by alkaline-phosphatase 
conjugated goat anti-rabbit IgG. 

Data Analysis and Statistical Methods. Survival functions were measured using 
Kaplan-Meier plots and differences in survival time were measured using a non- 
parametric Kruskal-Wallis one-way analysis of variance. Numeric data was compared 
using the Mann- Whitney U-test. Numeric data are expressed as mean ± standard error; p 
values <0.05 was considered significant. 

RESULTS 

Vaccine Response. Both 2 dose and 3 dose vaccine schedules were studied in 
preliminary experiments. Animals vaccinated with the J5 dLPS/OMP complex vaccine 
(n=40) experienced no febrile reactions for up to 48 hrs after each immunization and had 
feeding and weekly weight gain patterns which were not different from the saline- 



immunized control groups (n=3 1). The two vaccine schedules resulted in anti- J5 
antibody levels which exceeded the target antibody response of 800 ELISA units (Figure 
1). This level of antibody response was predicted to be protective based upon previous 
experiments with passively administered, rabbit-derived antisera (6). Since the 3 dose 
vaccine regimen resulted in significantly greater (p<0.05) antibody titers (2,440±526 
ELISA units, n=40) than the 2 dose regimen (840±175 units, n=15), the 3 dose schedule 
was exclusively used in subsequent challenge experiments with P. aeruginosa and K 
pneumoniae. 

Vaccine effects on survival Pseudomonas infection in the absence of ceftazidime . 
The circulating granulocyte levels were below 50 granulocytes/mm 3 in a sample of 
animals (n=10) tested 3 days after treatment with cyclophosphamide. Antibody elicited 
by this vaccine protected neutropenic rats from lethal Pseudomonas infection when 
passively infused as treatment at the onset of fever (7). We therefore examined whether 
this vaccine induced protection against lethal sepsis when actively administered as 
prophylaxis before the induction of neutropenia and infection. A Kaplan-Meier survival 
plot of vaccinated and control groups of neutropenic animals who received Pseudomonas 
aeruginosa 12.4.4. oral challenge is depicted in Figure 2. Vaccinated animals had an 
overall survival rate of 48% (13/28) while saline treated control animals had a survival 
rateof7%(2/29)(p<0.01). 

After the third dose of vaccine, there was a prompt (by day 35, 7 days following 
the last dose of vaccine) and sustained (>12 weeks) anti-core glycolipid antibody levels 
which were generally 100-fold in excess of pre-vaccine baseline levels (Table 1, see 



below). Antibody titers diminished slightly over the course of bacteremic infection in 
Pseudomonas aeruginosa- challenged animals (Table 1). Twenty-four hr after infection 
anti-J5 LPS antibody levels decreased, but then rapidly recovered to pre-infection levels 
and remained elevated throughout the duration of the experiment (3 months). The saline- 
treated control animals had anti-J5 antibody levels which were at the limits of detection 
throughout the experimental period (3 months). 

Circulating levels of bacterial endotoxin were undetectable or very low prior to 
the onset of infection in vaccinated and control animals challenged with P. aeruginosa in 
the absence of ceftazidime therapy (Figure p). Vaccinated animals had a significantly 
lower level of endotoxin at the onset of fever during the course of P. aeruginosa infection 
in these immunocompromised animals. However, endotoxin levels were elevated to a 
similar degree in vaccinated and control groups after 24 hours of continued fever and 
overt illness in these neutropenic animals (Figure^). 

Pseudomonas infection in the presence of cefta7idime . Since antibiotic treatment 
may liberate endotoxin from the dying bacteria (9), we tested the ability of actively- 
induced antibody to protect animals from lethal sepsis under conditions in which there 
may be an acute endotoxin load. A similar level of protection was observed in animals 
who received vaccine and ceftazidime at the onset of fever (Figure 4) as was observed in 
animals receiving vaccine alone (Figure 3) (i.e. approximately 60 % survival). 
Ceftazidime was highly active in vitro against this strain of P. aeruginosa 12.4.4 
(MIC=0.25 ng/ml). Ceftazidime-treated animals cleared the Pseudomonas bacteremia (0 
cases of bacteremia/10 animals) after 24 hr of therapy, yet this dose of ceftazidime, while 
prolonging survival compared to animals not receiving antibiotics, was unable ultimately 



to protect these neutropenic animals from lethality (Figure 4). In contrast, the J5 
dLPS/OMP vaccine significantly improved mortality (11/18 survived, p<0.01) in 
combination with ceftazidime (Figure 4). 

At the onset of fever and 24 hr later, endotoxin levels remained significantly 
elevated in non-vaccinated animals treated with ceftazidime (n=10; 5.45±2.2 ng/ml) and 
these circulating endotoxin levels were not significantly different from the saline- 
immunized control group (n=4; 7.7±3.3 ng/ml) (p=NS). Ceftazidime-treated animals 
who also received the J5 dLPS/OMP vaccine, however, had the lowest endotoxin levels 
within the first 24 hr after fever onset (n=l 8; 2.9±1 .5 ng/ml) (p<0.05, compared to non- 
immunized animals). 

Klebsiella infection in the absence of ceftazdime . Previous studies in this 
neutropenic rat model used Pseudomonas aeruginosa as the primary challenge strain. If 
this J5 dLPS/OMP vaccine is to have broad clinical applicability in the prevention and/or 
treatment of gram-negative bacterial sepsis, it should be efficacious against infections 
caused by other heterologous gram-negative bacilli. K pneumoniae challenge was highly 
lethal in the saline control group (Figure 5). The Kaplan-Meier survival plots of animals 
that received the J5 dLPS/OMP complex vaccine (n=14) and the control group (n=15) is 
depicted in Figure 5. The vaccine provided a highly significant survival protection in 
these neutropenic animals (9/14 of immunized animals survived v. 2/15 of saline- 
immunized) (p<0.005). As was observed in animals infected with Pseudomonas, there 
was a decrease in anti-J5 LPS antibody levels at 24 hr after onset of fever in Klebsiella- 
infected animals, but here, too, the levels returned to pre-febrile levels (data not shown). 



Thus active immunization with the J5 dLPS/OMP vaccine provided a survival advantage 
for infection with both Pseudomonas and Klebsiella species. 

Endotoxin levels in the circulation of animals infected with Klebsiella 
pneumoniae K2 were significantly reduced in the vaccine-treated group. Blood levels of 
endotoxin 24 hr after the onset of fever were 0.75±.43 ng/ml in the vaccinated animals 
while the endotoxin levels were 4.9±1.5 ng/ml in the control group (p<0.01). 

Bacterial load. Multisystem infection with either P. aeruginosa 12.4.4 or K 
pneumoniae K2 occurred invariably in the control group, resulting in a >90% mortality 
(Figures 3-5). In each experiment, vaccinated animals had the same frequency and 
magnitude of bacteremia from the challenge strain as the control group. When measured 
within the first 24 hr after fever onset, the quantitative level of bacteremia in P. 
aeruginosa-challenged animals was 76±23 CFU/ml (vaccine group) and 205±150 
CFU/ml (control group) (p=NS). The quantitative level of bacteremia following K 
pneumoniae challenge was 5831280 CFU/ml (vaccine group) vs. 412±201 CFU/ml 
(control group) (p=NS). 

Despite no significant differences in circulating levels of bacteremia, quantitative 
bacterial counts of organ tissue cultures revealed that vaccinated animals had 
significantly lower tissue levels of the challenge organism when compared to the control 
groups in both the Pseudomonas and X7e6s/e//a-challenged animals. In the animals 
challenged with P. aeruginosa in the absence of ceftazidime, the tissue levels in the , 
vaccine group (n=28) were 401±177 CFU/mg tissue, while the control group (n=29) had 
tissue levels of 2,342±693 CFU/mg (p<0.01). In ceftazidime-treated animals challenged 



with P. aeruginosa the organ bacterial colony count was 571+352 CFU/mg for those 
receiving both vaccine and antibiotic (n=18), 2,789 ±.1,726 CFU/mg in those receiving 
antibiotic alone (n=10) and 2,665 + 1,994 CFU/mg in animals receiving neither vaccine 
nor antibiotic (n=4) (p<0.01). The quantitative tissue levels in K. pneumoniae K2- 
challenged animals in the vaccine group (n=14) was 127±101 CFU/mg while the levels in 
the control group (n=15) was 3,683±224 CFU/mg (p<0.001). 

EndoCab assay. In separate experiments the sera from rabbits immunized with 
two doses of this J5 dLPS/OMP vaccine was tested for its ability to bind to a mixture of 
Rc or Rb chemotype LPS (10,1 1). Unlike normal rabbit IgG, the vaccine-immune sera 
had easily detectable titers of antibody to the LPS mixture, as did the sera from rabbits 
immunized with a mixture of core LPS antigens. Thus, the J5 dLPS/OMP vaccine 
induced a population of antibodies that bound to a similar panel of antigens to which 
serum from an unrelated vaccine composed of core LPS antigens bound. 



References 



1 . Perl TM, Dvorak L, Hwant T, Wenzel RP. Long-term survival and function after 
suspected Gram-negative sepsis. JAMA 274:338-345, 1995. 

2. Abraham E, Wunderink R, Silverman H, Peri TM, Nasraway S, Levy H, Bone R, 
Wenzel RP, Balk R, Alfred R, Pennington JE, Wherry JC. Efficacy and safety of 
monoclonal antibody to human tumor necrosis factor a in patients with sepsis 
syndrome. JAMA 273 :934-94 1 , 1 995. 

3. Fisher Jr CJ, Dhainaut JA, Opal SM, Pribble JP, Balk RA, Slotman GJ Iberti TJ, 
Rackow EC, Shapiro MJ, Greenman RL, Reines HD, Shelly MP, Thompson BW, 
LaBrecque JF, Catalano MA, Knaus WA, Sadoff JC. Recombinant human 
interleukin 1 receptor antagonist in the treatment of patients with sepsis syndrome. 
Results from a randomized, double-blind, placebo-controlled trial. JAMA 271 : 1 836- 
1878, 1994. 

4. Ziegler EJ, Fisher CJ Jr, Sprung CL, Straube RC, Sadoff JC, Foulke GEG, Wortel 
CH, Fink MP, Dellinger RP, Teng NNH, Allen IE, Berger HJ Knatterud GL, 
LoBuglio AF, Smith CR, and the HA-1A Sepsis Study Group. Treatment of Gram- 
negative bacteremia in septic shock with HA-1 A human monoclonal antibody against 
endotoxin: a randomized, double-blind, placebo-controlled trial. N Engl J Med 
325:429-436, 1991. 

5. Ziegler EJ, McCutchan JA, Fierer J, et al. Treatment of gram-negative bacteremia 
and shock with human antiserum to a mutant Escherichia coU. N Engl J Med 
307:1225-30, 1982. 



6. Bhattacharjee AK, Opal SM, Palardy JE, Drabick JJ, Collins H, Taylor R, Cotton A 
and Cross AS. Afrmity-purified Eschereichia coli J5 Lipopolysaccharide-specific 
IgG protects neutropenic rats against gram-negative bacterial sepsis. J Infect Dis 
170:622-629,1994. 

7. Bhattacharjee AK, Opal SM, Taylor R, Naso R, Semenuk M, Zollinger WD, Moran 
EE, Young L, Hammack C, Sadoff JC and Cross AS. A noncovalent complex 
vaccine prepared with detoxified Escherichia coli J5 (Rc Chemotype) 
Lipopolysaccharide and Neisseria meningitidis Group B outer membrane protein 
produces protective antibodies against gram-negative bacteremia. J Infect Dis 
173:1157-1163, 1996 

8. Collins HH, Cross AS, Dobek A, Opal SM, McClain JB, Sadoff JC. Oral 
ciprofloxacin and anti-lipopolysaccharide monoclonal antibody protect leukopenic 
rats from lethla infection. J Infect Dis 159:1073-82, 1989. 



9. Jackson JJ, Kropp H. pMactam antibiotic-induced release of free endotoxin: in vivo 
comparison of penicillin-binding protein (PBP) 2-specific imipenem and PBP- 
specific ceftazidime. J. Infect Dis 65: 1033-41, 1992. 

10. Goldie AS, Fearon KCH, Ross JA, Barclay R, Jackson RE, Grant IS, Ramsay G, 
Blyth AS, Howie JC,. Natural cytokine antagonists and endogenous antiendotoxin 
core antibodies in sepsis syndrome. JAMA 1995;274:172-7. 

1 1 . Bennett-Guerrero E, Ayuso L, Hamilton-Daview C, White WD, Barclay R, Smith 
PK, King SA, Muhlbaier LH, Newman MF, Mythen MG. Relationship of 
preoperative antiendotoxin core antibodies and adverse outcomes folowing cardiac 
surgery. JAMA 1997;277:646-50. 

12. Baumgartner JD, Glauser MP, McCutchan JA, et al. Prevention of gram-negative 
shock and death in surgical patients by antibody to endotoxin core glycolipid. Lancet 
2:59-63, 1985. 

13. Calandra T, Glauser MP, Schellekens J, Verhoef J, Swiss-Dutch J5 Immunoglobulin 
Study Group. Treatment of gram-negative septic shock with human IgG antibody to 
Escherichia coli J5: a prospective, double-blind, randomized trial. J Infect Dis 
158:312-9, 1988. 

14. The Intravenous Immunoglobulin Collaborative Study Group. Prophylactic 
intravenous aciministration of standard immune globulin as compared with core- 
lipopolysaccharide immune globulin in patients at high risk of postsurgical infection. 
N Engl J Med 327:230-40, 1992. 

1 5". Powderly WG, Pier G, Markham RB. In vitro T cell-mediated killing of 

Pseudomonas aeruginosa. IV. Nonresponsiveness of polysaccharide-immunized 
BALB/c mice is attributable to vinblastine-sensitive suppressor T cells. J. 
Immunol.l986;137:2025 

16. Cross AS, Siegel G, Byrne WR, Trautmann M, Finbloom DS. Intravenous immune 
globulin impairs antibacterial defenses of a cyclophosphamide-treated host. Clin 
Exper Immunol 1989;76:159- 

17. AhlgrenT,BerghemL,GrundfeltM-B,DommellofL. 1980. Influence of cancer 
chemotherapy treatment on the reticuloendothelial system in the rat. Exper. 
Chemother 1980;26:128-34. 

1 8. Ehrke MJ, Mihich E, Berd D, Mastrangelo MJ. Effects of anticancer drugs on the 
immune system in humans. Semin in Oncol. 1989;16:230-53. 

19. MacLean GD, Miles DW, Rubers RD, Reddish MA, Longenecker BM. Enhancing 
the effect of THERATROPE St„-KLH cancer vaccine in patients with metastatic breast 



# 



cancer by pretreatment with low dose cyclophosphamide. J Immunother with Emphasis 
on Tumor Immunol 19: 309-16, 1996. 

20. Ertel W, Faist E, Nestle C. Kinetics of interleukin-2 and interleukin-6 synthesis 
following major mechanical trauma. J Surg res 48: 622-8, 1990. 

21. Campbell WN, Hendrix E, Cryz SJ, Cross AS. Immunogenicity of a 24-valent 
Klebsiella capsular polysaccharide vaccine and an 8-valent Pseudomnas O- 
polysaccharide conjugate vaccine administered to acute trauma victims. Clin Infect Dis 
1996;23:179-81. 

22. Pollack M, Huang AI, Prescott RK, et al. Enhanced survival in Pjeudomonas 
aeruginosa septicemia associated with high levels of circulating antibody to Escherichia 
coli endotoxin core. J Clin Invest 72:1874-81, 1983. 

23 . Schedel I, Dreikhausen U, Nentwig B, Hockenschneider M, Rauthmann D, 
Balikcioglu S, Coldewey R, Deicher H. Treatment of gram-negative septic shock 
with an immunoglobulin preparation: a prospective, randomized clinical trial. Crit 
Care Med 9:1104-1113, 1991. 

24. Nys M, Damas P, Joassin L, Lamy M. Sequential anti-core glycolipid 
immunoglobulin antibody activities in patients with and without septic shock and 
their relation to outcome. Ann Surg. 217:300-306, 1993. 

25. Baumgartner JD, Heumann D, Calandra T, Glauser MP. Antibodies to 
lipopolysaccharide after immunization of humans with the rough mutant Escherichia 
coli. J Infect Dis 163:769-72, 1991 . 

26. DeMaria A Jr, Johns MA, Berberich H, McCabe W. Immunization with rough 
mutants of Salmonella minnesota: initial studies in human subjects. J. Infect. Dis. 
158:301-11,1988. 

27. Brun-Buisson C, Doyon F, Carlet J, et al. Bacteremia and severe sepsis in adults: A 
multicenter prospective survey in ICUs and wards of 24 hospitals. Am. J. Respir. 
Crit. Care Med 154:617-24, 1996 

28. Vincent J-L, Bihari DJ, Suter PM, Braining HA, White J, Nicolas-Chanoin M-H, 
Wolff M, Spencer RC, Hemmer M, for the EPIC International Advisory Committee. 
The prevalence of nosocomial infection in intensive care units in Europe. JAMA 
1995;274:639-44. 

29. Quartin AA, Scein RMH, Kett DH, Peduzzi PN, DVA Systemic Sepsis Cooperative 
Studies Group. Magnitude and duration of the effect of sepsis on survival. JAMA 
1997;277:1058-63. 



30. Bennett IL Jr. Approaches to the mechanisms of endotoxin action. In:Braun W, 
Landy M, eds. Bacterial Endotoxins: Proceedings of a Symposium Held at the Institute 
of Microbiology of Rutgers, the State University,. New Brunswick: Institute of 
Microbiology, Rutgers, the State University; 196a: xiii-vi. 

31. Gathiram P., Wells MT, Brock-Utne JG, Gafin SL. Antilipopolysaccharide improves 
survival in primates subjected to heat stroke. Circulat Shock 23:157-64, 1987. 

32. Cohen J, Moore RH, Al Hashimi S, Jones L, Apperley JF, Aber VR. Antibody titers 
to a rough-mutant strain of Escherichia coli in patients undergoing allogeneic bone 
marrow transplantation. Evidence of a protective effect against graft-versus-host 
disease. Lancet 1987 1:8-11. 

33. Brock-Utne JG, Gaffin SL, Wells MT, Gathiram P, Sohar E, James MF, Morrell DF, 
Norman RJ. Endotoxemia in exhausted runners after a long-distance race. S. Afiic. 
Med J. 73: 533-6, 1988. 



33. 



Baker B, Gaffin SL, Wells M, Wessels BC, Brock-Utne JG. Endotoxemia in 
racehorses following exertion. J So Afr Vet Assoc. 59:63-6, 1988. 



Legends 

Figure 1. Antibody levels to J5 LPS following 2- and 3-dose immunization regimens. 

Rats were immunized with the J5 dLPS/OMP vaccine given subcutaneously (20 ug/dose) 
at time 0 and 4 weeks (2 dose) and at time 0, and at 2 and 4 weeks (3-dose). Control rats 
were immunized with saline. Serum was harvested at 6 weeks and antibody levels 
determined by ELISA (see Methods). While both immunization regimens induced 
antibody above a previously determined protective level (2), the antibody level induced 
by the 3 dose regimen was significantly greater that that induced following 2 doses 
(p<0.0.05). 

Figure 2. Circulating serum endotoxin levels in J5 dLPS/OMP vaccine- and saline- 
immunized rats. Rats were immunized at time 0, and at 2 and 4 weeks. At 14 days 
following the last vaccine dose, animals were given the first dose of cyclophosphamide 
and of Pseudomonas. Animals were then followed every 12 hours for the onset of fever. 
Serum drawn at the onset of fever (typically days 5-6 after the first dose of 
cyclophosphamide) and at 24 hr later, were evaluated for endotoxin levels by a Limulus 
amebocyte assay. 

Figure 3. Effect of J5 dLPS immunization on survival following challenge with 
Pseudomonas. Animals were immunized with either saline or J5 dLPS/OMP vaccine at 
time 0, and at 2 and 4 weeks. Fourteen days after the last immunization, animals were 
given the first doses of cyclophosphamide and of Pseudomonas, and followed for the 



onset of fever. A Kaplan-Meier survival curve was plotted. Two of 29 animals in the 
control group survived, whereas (13/28) of immunized rats survived (p<0.01) to the 
conclusion of the experiment, when the neutropenia resolved. 

Figure 4. Effect of J5 dLPS immunization on survival of rats infected with 
Pseudomonas and given 4 doses of ceftazidime every 12 hr at the onset of fever. Rats 
were immunized and treated with cyclophosphamide and given bacteria as described in 
Figure 3. At the onset of fever, however, ceftazidime, which binds to penicillin binding 
protein 3, was given to induce the release of endotoxin from the bacteria. Rats that 
received neither vaccine nor antibiotic all died by days 6 and 10 respectively. There was 
an increase in survival (1 1/1 8) among animals that were immunized with J5 dLPS/OMP 
vaccine and given ceftazidime . 

Figure 5. Increased survival among rats immunized with J5 dLPS/OMP vaccine and 
challenged with Klebsiella. Rats were immunized with 3 doses of vaccine as described 
earlier (Figures 2 and 3). Fourteen days after the last dose of vaccine animals were given 
the first dose of cyclophosphamide and of Klebsiella by gavage. Instead of cefamandole, 
animals were treated with ampicillin to overcome colonization resistance. Fever and 
survival was followed for 12 days. Increased survival was observed among rats actively 
immunized with the J5 dLPS vaccine. 

Figure 6. Immunization with J5 dLPS elicited antibodies that reacted with a 
mixture of core glycolipid antigens from heterologous gram-negative bacteria. 



Antibody levels to a mixture of 4 different Rc or Rb LPS (one each from E. coli, 
Salmonella, Pseudomonas aeruginosa and Klebsiella) each complexed to polymixin B. 
The sera from rabbits (130, 131, 134) immunized with a mixture of core antigens at 
monthly intervals x6 before being bled were compared to sera from two rabbits (anti-J5 
dLPS, lots #1 and 2) immunized at time 0 and day 28 with the J5 dLPS/OMP vaccine. 
The level of antibody to core LPS structures in normal rabbit IgG (Sigma, St. Louis, MO) 
is shown for comparison. 
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TABLE 1. E. COLI J5 ANTIBODY LEVELS ( 


ELISA UNITS) 


TREATMENT 


PRE- 
VACCINE 
(dayO) 


POST- 
VACCINE 
(day 35) 


ONSET OF 
SEPSIS 


24 HR. POST 
ONSET OF 
SEPSIS 


RECOVERY* 
(14 days after 
sepsis) 


Vaccine 
(n=28) 


6.4 + 2.0 


2852 + 191** 


2467 + 627** 


1827 + 488** 


2690 + 663** 


Control 
(n=29)*** 


7.5 + 1.9 


5.7 + 3.0 


8.5 + 2.8 


7.6 + 2.8 


7.9 + 3.1 



Animals were immunized subcutaneously at days 0, 14 and 28 with 20 |ig of the J5 dLPS/OMP vaccine or with 
normal saline. IgG antibody levels to J5 LPS were measured 7 days after the third dose. Thirty-three days after the 
third dose (61 days after the first dose of vaccine) animals were given the first dose of cyclophosphamide and 
Pseudomonas aeruginosa (see Methods). Additional antibody levels were measured at onset of sepsis (day 66), 24 
hours later (day 67) and in surviving animals, at recovery (day 80). *Data from the 2 long term survivors from 
control group and from 13 long term survivors in the vaccine group; **p<0.0001 compared to pre-vaccine levels; 
***p=ns all post-vaccine time points compared to pre-vaccine levels. 
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